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INTRODUCCIO
La SOCIETAT CATALANA DE BIO-
LOGIA, en col•laboracio amb la COMIS-
SIO INTERDEPARTAMENTAL DE
RECERCA I INNOVACIO TECNOLO-
GICA (CIRIT) de la Generalitat de Cata-
lunya, organitza un curs sobre l'Origen de
la Vida i I'Evolucio de la Cel•lula, que tin-
gue floc del 25 al 28 de juny de 1985 a la
Facultat de Biologia de la Universitat de
Barcelona. Aquest volum dels TREBALLS
DE LA SOCIETAT CATALANA DE
BIOLOGIA esta dedicat al tema del curs, i
presenta articles encara no publicats sobre
aquesta materia realment apasionant.
Abans dels treballs de 1'eminent bioqui-
mic sovietic Aleksandr Ivanovich Oparin
(1894-1980), l'origen de la vida era un
tema objecte d'especulacio i ha estat sola-
ment en el nostre segle que una giiestio de
tant interes per a tot el mon intel•lectual
esdevingue un problema cientific amb
tractament experimental. La ferma amistat
d'Antonio Lazcano amb Oparin al llarg
dels ultims cinc anys de la seva carrera
cientifica, ens ha donat l'oportunitat d'in-
cloure en aquest volum una de les contri-
bucions finals que Oparin feu abans de la
seva mort at 1980, quan tenia 86 anys.
Molts altres treballs cientifics no publicats
i correspondencia d'Oparin es ara a les
mans de Lazcano qui, amb col•legues com
ara John Farley, del qual tambe apareix
aqui un article, intenta reconstruir la histo-
ria a que ha donat floc l'estudi de l'origen
de la vida.
INTRODUCTION
The CATALAN SOCIETY OF BIO-
LOGY, under the auspices of the IN-
TERDEPARTAMENTAL COMISSION
FOR RESEARCH AND TECHNOLOGI-
CAL INNOVATION (CIRIT) of the Ge-
neralitat de Catalunya, organized a series
of lectures on <Origin of Life and Evo-
lution of Cells». Presented as a course of
study for scientific investigators and advan-
ced students, from the 25th to the 28th
of June, 1985, it took place at the School
of Biology, University of Barcelona. This
volume of the TREBALLS (Proceedings)
DE LA SOCIETAT CATALANA DE BIO-
LOGIA is dedicated to the subject of that
course, the origin and early evolution of
life, and takes advantage of certain unique,
previously unpublished scientific contribu-
tions relevant to this fascinating theme.
Prior to the work of the great Soviet
biochemist Aleksandr Ivanovich Oparin
(1894-1980), the origin of life was a prime
subject of speculation but it was only in
our century that this question, of such in-
terest to the intellectual world, became a
scientific problem with experimental pos-
sibilities. Because of Antonio Lazcano's
firm friendship with Oparin during the last
five years of his scientific career, we are
most fortunate to be able to include in this
volume one of the final scientific state-
ments Oparin made before he died in
1980, at the age of 86. Many other unpub-
lished scientific work and correspondence
by Oparin are in the hands of Lazcano
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Tal com Louis Pasteur demostra, la vida
prove de vida preexistent. Per tant, molts
cientifics arribaren a la conclusio que l'ori-
gen de la vida es un aconteixement inac-
cessible i inexplicable del passat remot, la
investigacio de la qual per part de la cien-
cia moderna no oferia gaire possibilitats.
Farley descriu acuradament el clima intel-
lectual abans de l'epoca en que I'estudi de
l'origen de la vida passa de tema quasi reli-
gios a objecte de la ciencia experimental i
teorica. En aquest volum, i seguint les con-
tribucions de Farley, ens adonem de la
transformacio que aquests fets produiren
en el pensament.
Actualment, l'origen de la vida ha esde-
vingut un tema d'interes primordial per a
nombrosos camps de la ciencia experimen-
tal i d'observacio. Com es pot veure en
Particle de Victor E. Viola, la formacio
dels elements que es troben als essers vius
no va tenir Iloc a la Terra arqueana sing
en les profunditats de I'espai. No es possi-
ble entendre els pnncipis de la vida sense
una comprensio de la formacio d'elements
en els estels.
Abans que Charles Darwin escrigues
<<L'Origen de les Especies», l'origen de la
vida i de l'home constituien un mateix
problema, inabordable per l'intel-lecte. A
mida que la nostra comprensio sobre l'evo-
lucio organica ha anat progressant, hem
discernit aquests problemes, distingint en-
tre origen i evolucio. Ara reconeixem la
vasta diferencia entre els origens dels pri-
mers essers autopoietics, esferes de 0,5 mi-
crometres formades per membranes lipidi-
ques que envoltaven les molecules del
RNA i d'altres compostos organics neces-
saris per mantenir el sistema, i 1'evoluci6
al Plio-Pleistoce de l'Homo sapiens, a par-
tir dels seus antecessors australopitecids.
En gran mesura, el reconeixement i la
capacitat d'analitzar el problema de l'ori-
gen de la vida en les seves parts compo-
nents prove de dos camps de la ciencia. El
primer es el de la paleobiologia del pre-
who, with colleagues such as John Farley,
whose work also appears in this issue, is
attempting to reconstruct the history of the
study of the origin of life.
Life, as Louis Pasteur showed, comes
from preexisting life. It was concluded by
most scientists therefore that life's origin
was an inaccessible and inexplicable event
in the remote past, and not amenable to
study by modern science. Farley accurately
depicts the intellectual climate before the
time the study of the origin of life was
transformed from a quasi-religious subject
into an object of both experimental and
theoretical science. But such a change in
thinking did occur. In this volume, follow-
ing Farley's contribution, we can authenti-
cally trace this transformation.
Indeed the origin of life has become a fo-
cus for many kinds of modern observa-
tional and experimental studies. As we
note in the article by Victor E. Viola, the
formation of elements found in living
things occurred not on the Archean Earth
but in the depths of space: we can not un-
derstand life's beginnings without some
understanding of element formation in
stars.
Before Charles Darwin wrote «The Ori-
gins of Species>>, the origin of life and of
man were perceived as the same sort of in-
tractable intellectual problem. As our un-
derstanding of organic evolution proceeded,
we began to dissect these problems, distin-
guishing between origin and evolution. We
now recognize the vast difference between
the origins of the first autopoietic beings,
0.5 micrometer spheres wrapped in lipid
membranes enclosing RNA molecules and
other organic compounds necessary to
maintain the system, and the Plio-Pleisto-
cene evolution of Homo sapiens from their
australopithecene ancestors.
In great measure, the recognition and ca-
pacity for analysis of the origin of life
problem in its component parts has
emerged from two fields of science: the
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Fanerozoic i el segon es el de la biologia
molecular. En el treball d'Andrew H.
Knoll, que presentern aqui, podem trobar
un excel-lent i expert resum del saludable
estat d'aquest camp cientific tan nou. Ara
sabem que el registre fossil de la vida s'ex-
ten fins a 3.500 milions d'anys enrera. Des
de les roques antigues de l'Australia Oc-
cidental i de Sudafrica de 3.500 milions
d'anys fins al present, podem seguir la ruta
de 1'evoluci6. Abans d'aquest temps hi ha
l'origen, desconegut. El problema dels ori-
gens de la vida es ara mes limitat i pot
plantejar-se amb mes precisio: i.Com es
van confabular, fa 3.500 milions d'anys,
les condicions atmosferiques, tectoniques i
sedimentaries per produir un minim siste-
ma autopoietic autoreplicatiu? i,Que va
passar a la Terra sota les condicions de
l'Hadea tardy o de l'Arquea primerenc per
a que s'esdevingues la vida? El problema
dels origens admet ara una perspectiva ra-
cional perque tenim certes idees sobre
aquest sistema autopoietic minim que de-
riven de 1'altre camp cientific, que es la
biologia molecular.
Sabem que, des del principi, les formes
primitives de vida ban estat envoltades per
una membrana, la qual contenia algun ti-
pus d'acid nucleic funcional, i que, poste-
riorment, la maquinaria de sintesi de pro-
teina les mantingue intactes. El treball
d'Antonio Lazcano mostra els avencos de
laboratori que s'han obtingut en relacio a
l'origen dels sisternes quimics d'automan-
teniment organic, i constitueix, a la vega-
da, una contribucio al camp de la quimica
prebiotica, que ell enllaca amb la informa-
cio sobre les propietats moleculars del
RNA i d'altres especies quimiques. Lazca-
no presenta arguments a favor de la idea
que el RNA precedi el DNA com a porta-
dor de la informacio hereditaria en les
cel•lules primigenies, les quals, mes enda-
vant, foren reemplacades per les cel•lules
amb DNA i RNA actuals.
El problema de I'origen de la vida s'ha
first is pre-Phanerozoic paleobiology and
the second is molecular biology.
In the work of Andrew H. Knoll pre-
sented here, we find in expert and excel-
lent summary of the thriving state of
health of the infant scientific field of pa-
leobiology. We now know that the fossil
record of life extends back for 3,500 mil-
lion years. From the ancient western Aus-
tralian and South African rocks of 3,500
million years ago until the present we can
track the route of evolution. The origin gap
preceded this time. The origin of life prob-
lem is now more restricted and can be pre-
cisely state: How did the atmospheric, tec-
tonic and sedimentary conditions more
than 3,500 million years ago conspire to
produce a minimal autopoietic, self-repli-
cating system? What occurred, under con-
ditions of the late Hadean or early Arc-
hean Earth, that brought about life?
The origin problem can now be ration-
ally approached because some insight into
that minimal living autopoietic system is
now emerging from the second, still young
field, molecular biology. We know that
from the beginning, life was bounded by a
self-maintaining membrane. We know that
from the beginning, life was bounded by a
self-maintaining membrane. We know that
it contained some sort of cyclically func-
tioning nucleic acid, and eventually, pro-
tein synthesizing machinery committed to
keeping itself intact. Antonio Lazcano's
contribution here, showing the advances in
the laboratory that have been made con-
cerning the origin of self-maintaining or-
ganic chemical systems, represents a con-
tribution to that growing field of science,
prebiotic chemistry, which he links with
information about the molecular proper-
ties of RNA molecules and other chemical
species. Lazcano presents arguments for
the idea that RNA preceded DNA as the
bearer of hereditary information in the ear-
liest cells, which were then replaced by
present-day DNA and RNA cells.
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barrejat amb molts d'altres, augmentant la
confusio. L'origen de les plantes i dels ani-
mals, I'origen del sexe, l'origen de la sensi-
bilitat a la Hum i a estimuls quimics, l'apa-
ricio de la motilitat cellular, i (si es que
Lazcano to rao) 1'6s del DNA com a ma-
gatzem de la informacio genetica. Ara ens
adonem de que totes aquestes questions es-
tan relacionades amb l'origen mateix de la
vida, i que son problemes propis de l'evo-
lucio de la vida microbiana. En un curt
article Lynn Margulis i Ricard Guerrero
ens mostren l'extensio fins a la qual alguns
dels problemes assenyalats, parcialment
resolts, pertanyen al camp de la biologia
evolutiva del microscosmos.
De la bibliografla recent es despren que
l'origen de la vida es un problema bioqui-
mic que quedarc resolt tan aviat com que-
din establertes les bases minimes d'estruc-
tura, organ1tzaci6 i quimica de I'autopoie-
sis. Es a dir, tantos com arribem a coneixer
la quimica detallada de la identitat (via la
separacio de la membrana lipidica del
medi), manteniment (via el metabolisme
basat en la quimica orgcnica i l'intercanvi
d'energia) i la reproduccio (via els sistemes
autocatalitics d'ccid nucleic i proteina apa-
rellats). Finalment, veurem la prodigioua
capacitat del sistema microbic ancestral
per cre`ar: DNA, el control de la concentra-
cio interna d'ions, els sistemes de transport
de membrana, la fixacio del dioxid de Car-
boni, els moviments rotatoris, les membra-
nes sensibles a la llum, la natacio magneto-
tcctica, la metanogenesi, la reparacio i
recombinacio despres de radiacio ultravio-
lada, i, posteriorment, la cel•lula eucarioti-
ca amb la seva vida sexual meiotica.
La circumscripcio del problema de l'ori-
gen de la vida es complementa amb el re-
coneixement de les profundes consequen-
cies de l'autopoiesis i de la reproduccio
aparellades als titles i fluctuations de la
superficie de la Terra. La estrategia del
microcosmos ha estat la d'expandir-se,
combinar-se i crear noves formes. En ex-
The origin of life used to be confused
with many other problems. The origin of
plants and animals, the origin of sex, the
origin of sensitivity to light or to chemical
stimuli, the appearance of cell motility,
and (if Lazcano is correct) even the use of
DNA as reservoir for the genetic informa-
tion. We now recognize all of these came
after the origin of life itself, and are prob-
lems of the evolution of microbial life. In a
short article Lynn Margulis and Ricard
Guerrero show us the extent to which this
list contains partially solved problems that
belong to the province of the evolutionary
biology of the microcosm.
By refering to recent literature, it be-
comes more clear that the origin of life is a
biochemical problem that will be solved as
soon as the minimal structural, organiza-
tional and chemical basis of autopoiesis
and reproduction are established. That is,
as soon as we know the detailed chemistry
of identity (via lipid-membrane separation
from the medium), self maintenance (via
organic chemical-based metabolism and
energy exchange), and reproduction (via
coupled protein and nucleic acid autocata-
lytic systems), the outline of the solution
to the origins of life problem will be with
us. Finally we will glimpse the prodigious
capability of the ancestral microbial auto-
poietic system to create: DNA, internal ion
concentration control, transmembrane
transport systems, carbon dioxide fixation,
rotary motions, light sensitive membranes,
magnetotactic swimming, methanogenesis,
ultraviolet repair and recombination, and
eventually the eukaryotic cell with its
meiotic sex life.
The circumscription of the origin of life
problem is complemented by recognition
of the profound consequences of autopoie-
sis and reproduction coupled with re-
sponse to cycles and fluctuations on the
Earth's surface. The strategy of the micro-
cosm has been to expand, to recombine,
and therefore to create. By expanding, re-
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pandir-se, recombinar-se i, consegiient-
ment, crear, els descendents d'aquest acon-
teixement epic han vingut a cobrir la su-
perficie del nostre planeta i a canviar la
seva atmosfera. Esperem poder mostrar la
necessitat d'aprofondir en el coneixement
cientific dels pasos i cercles que portaren,
finalment, a l'aparicio d'aquesta marave-
Ila: els primers sistemes quimics de repro-
duccio autopoietica sobre la Terra.
i,Com es que la Societal Catalana de
Biologia disposa de totes aquestes contri-
bucions que li permeten difondre impor-
tants avencos sobre l'origen de la vida?
i,Per que ha hagut Iligams tan estrets entre
els estudis internacionals sobre l'origen de
la vida i la cultura a Catalunya? En la res-
posta to molt a veure l'actitud del pioner
d'aquests estudis a Catalunya: Joan Oro.
Ell ha estat sempre disposat a portar el mi-
llor de la seva ciencia a casa seva, i a
Barcelona, I'any 1973, organitza un con-
gres de la International Society for the Stu-
dy of the Origins of Life (ISSOL). Es a
Joan Oro a qui Lazcano deu la realitzacio
del treball que descriu, i Margulis el desen-
volupament del curs que, en col•laboracio
amb Guerrero, va impartir a Barcelona al
1985. Es ben cert que ni Farley, ni Viola,
ni Knoll haurien sentit mai parlar de la So-
cietal Catalana de Biologia de no haver
estat per la continua i fructifera activitat
d'Oro.
En la preparacio d'aquests treballs hem
tingut 1'ajut inestimable de Marianna
O'Rourke, d'amagat d'Oro. Ens agradaria
que ell gaudis d'aquesta sorpresa tant com
'nosaltres ho hem fet en preparar-la. Altres
persones que han contribuit notablement a
la realitzacio d'aquest volum han estat
Carmen Chica, curosa en tot moment dels
oblits dels enfeinats responsables, i Olga C.
Guerrero i la Dra. Silvia Atrian, elegants
traductores de la introduccio i de l'article
d'Oparin, respectivament. Per finalitzar,
voldriem tambe agrair a Gregory J. Hinkle,
Barbara Dorrotie 1 Sharon E. Rubin la tas-
combining and creating, the descendants of
that epic event have come to cover the en-
tire surface of our planet, and to change its
regolith and atmosphere. We hope to show
the readers of this volume the need for
deep scientific understanding of the steps
and circles that led, finally, to the appear-
ance of those magnificent chemical sys-
tems on the Earth.
How does the Societal Catalana de Bio-
logia have at its disposal all of these papers,
spanning the major advancements in the
field of the origin of life? Why is there now
and has there been in the past such a strong
bond between international studies of the
origin of life and Catalunya? The probable
answer lies in the disposition of one of the
main workers on the study of the origin of
life: Joan Oro. Were he not so determined
to bring the best of this science to his home
country, we would not have had an interna-
tional meeting of the International Society
for the Study of the Origins of Life (ISSOL)
in Barcelona in 1973. If not for Joan Oro,
Lazcano would not have been able to pur-
sue the work he reports on here, nor would
Margulis have come to present a course in
collaboration with Guerrero in Barcelona,
in 1985. Finally Farley, Viola and Knoll
would not certainly have heard of the So-
cietat Catalana de Biologia if it were not for
Oro's incessant and fruitful activity.
We admit that, in preparing this work,
we have been plotting, with the continuous
assistance of Marianna O'Rourke, behind
Oro's back. We hope he enjoys the surprise
as much as we have enjoyed planning it.
Other people who made this volume possi-
ble include Carmen Chica, always heedful
of the oversights of the busy editors, and
Olga C. Guerrero and Dr. Silvia Atrian,
skillful translators of the introduction and
of Oparin's article, respectively. Finally,
we also would like to thank Gregory J.
Hinkle, Barbara Dorritie and Sharon E.
Rubin for their editing work on this vo-
lume.
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ca de correccio d'aquesta volum.
Tant el desenvolupament de la ciencia
de l'origen de la vida a Catalunya, com el
curs de 1985 sobre l'Origen de la Vida i
Evolucio de la Cel • lula, patrocinat per la
CIRIT de la Generalitat de Catalunya, deu-
en molt al catala universal que es Joan Oro.
Amb aquest volum reconeixem la seva con-
tribucio, portada a terme mitjancant una
incansable activitat cientifica i ]a constant
difusio dels seus resultats . Com a mostra de
la nostra admiracio per la seva energia, ge-
nerositat i sentit de I'amistat, dediquem, amb
profunda gratitud , aquest volum dels Tre-
balls de la Societat Catalana de Biologia a
Joan Oro.
Not only does the development of the
science of the origin of life in Catalonia
owe much to Oro, but the 1985 course on
<Origin of Life and Evolution of Cells»,
sponsored by the CIRIT of the Genera-
litat de Catalunya, also acknowledges its
debt to him. We hereby recognize that he
has made possible so much of this scien-
tific activity and the communication of its
results. In our admiration for this energy,
generosity, and sense of friendship we, in
deep gratitude, dedicate this volume of the
Treballs de la Societal Catalana de Biolo-
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